Abstract Surgical myotomy is the gold standard in therapy for achalasia, but treatment failures occur and require revisional surgery. A MEDLINE search of peer-reviewed articles published in English from 1970 to December 2008 was performed using the following terms: esophageal achalasia, Heller myotomy, and revisional surgery. Thirty-three articles satisfied our inclusion criteria. A total of 12,727 patients, with mean age of 43.3 years (males 46% and females 50%), underwent Heller myotomy (open 94.8% and laparoscopic 5.2%). Revisional surgery was performed in 6.19%. Procedures performed included revision of the original myotomy or creation of a new myotomy with or without an antireflux procedure or esophagectomy. Reasons for reoperation were incomplete myotomy (51.8%), onset of reflux (34%), megaesophagus (16.2%), and esophageal carcinoma (3.04%). Systematic review of the literature for revisional surgery following Heller myotomy revealed a 6.19% rate of reoperation with a low mortality rate.
Introduction
The complex pathogenesis of achalasia makes its treatment difficult. It was first recognized more than 300 years ago as "cardiospasm" and renamed in 1937 by Lendrum [1] as "achalasia-failure to relax" who described it as a syndrome caused by incomplete relaxation of the lower esophageal sphincter. There has been a continuous evolution in treating achalasia starting with Thomas Willis who in 1672 treated esophageal achalasia using a whalebone fixed with a round button of sponge at its end, to dilate the esophagus [2] . It was Ernest Heller [3] who first described a surgical approach for performing esophageal myotomy (both anterior and posterior) for its treatment in 1913. In 1923, Zaijer [4] proposed a single extramucosal myotomy through the lower esophageal sphincter. In 1962, Dor published anterior partial fundoplication while a year later; Andrew Toupet reported a posterior fundoplication [5, 6] . With the advent of laparoscopy, in 1991 Shimi et al. [7] reported the first Heller myotomy performed laparoscopically. It took 77 years for evolvement from open toward closed approach for the treatment of achalasia. Early 1990s saw growth of laparoscopic methods in treating achalasia.
As the treatment for achalasia has evolved over several decades, the evidence for the surgical approach, either open (abdominal or thoracic) or laparoscopic, has been well documented in the scientific literature. Published results have proved laparoscopic Heller myotomy to be the standard of care for achalasia when performed by a competent surgeon. Knowing the complex pathogenesis causing achalasia, it is equally important to know the long-term effects after performing surgical procedures like myotomy in achalasic subjects. This study was undertaken to learn about the long-term effects of achalasia in postoperative patients and the rate of revisional surgery performed in them. Esophageal achalasia has an incidence of 1-6/100,000 persons and affects in the third or fourth decade of life [8, 9] . Upon receiving surgical attention for the symptoms such as dysphagia or heartburn, the anatomy or alignment of structures changes, especially after Heller myotomy with fundoplication. But since the muscular layer and sphincteric fibers are untouched, the pathology remains the same. As a result, there is long-term deterioration of the immediate postoperative resolution of symptoms seen after surgery. This study aims to understand the reasons behind such long-term failure of Heller myotomy for achalasia and operative morbidity when performed.
Methods
A MEDLINE search was performed to obtain primary data published between 1970 and December 2008. Keywords such as esophageal achalasia, myotomy, Heller myotomy, redo surgery, revision surgery, reoperations, and surgical treatment for achalasia were used to perform the search. Studies conducted in humans and articles published in English were selected. Studies that had less than ten subjects Table 1 ). Each article was studied to find variables such as postoperative complications, type of approach, reasons for failure of surgery, follow-up period, and different studies that were performed before surgery to establish achalasia or failure of treatment. The results were analyzed for descriptive statistics using excel software. The result based on 38 years of scientific literature is a step toward understanding the long-term effects of Heller myotomy and the challenges that every treating surgeon should be aware of during such extensive phases of follow-up.
Results
Of the 12,727 patients who underwent Heller myotomy, in 94.8% it was performed as open abdominal/thoracic procedure and in 5.2% laparoscopically (see Table 2 ). Revisional surgery was performed in 6.19% (n078) as observed from the pooled data. Published studies came from various centers across the globe, majority from Europe (30.3%), the USA (42.4%), the and UK (12.1%). From Asia [38, 41] and Canada [20, 27] , two reports each were published. Mean age was provided only in 54.5% of articles. The mean age for primary Heller myotomy was 43.3 years with similar distribution of both sexes (males 46% and females 50%). Similarly, the mean age for the revisional surgery group was 41.8 years (males 53.7% and females 50.5%); data were from 24.3% articles. Interestingly, this study showed that surgeons performing Heller myotomy as a primary procedure have also performed an additional procedure at the same time, the most likely reason being to prevent postoperative reflux. Procedures such as truncal vagotomy [10, 11] , pyloroplasty [10, 11, 16] , cardioplasty [10] , antrectomy [11, 12, 21, 27] , Belsey repair [14, 26, 27, 32] , and roux-en-Y gastrojejunostomy [12, 21, 23, 27, 30] have been documented.
Postoperative complications such as pnemothorax [19, 32, 33] , pulmonary atelectasis [19, 32, 33] , esophageal fistula [10] , esophageal perforation [31, 33] , gastric perforation [33] , deep venous thrombosis [10] , paraesophageal hernia [19] , splenic injury [31] , and adhesions [31] were reported after primary Heller myotomy procedure. Complications were comparatively less after revisional surgeries and the overall mortality rate was 0.63%. Higher mortality rates of 3-5% were reported [11, 16, 24] , but 91% studies reported zero mortality rates after revisional surgeries.
We could demonstrate the changing trends in approach while performing Heller myotomy. It was not till 1991, when Shimi et al. published their report of performing laparoscopic cardiomyotomy for achalasia; this procedure was performed as an open surgical procedure. In fact, in eight studies that include 1,181 patients, this procedure was done via thoracic approach and was considered a standard approach till late 1980s. The advent of laparoscopic surgery has been pivotal in treating achalasia. Since 1995, out of 13 studies identified, 52.5% procedures were done laparoscopically from eight different centers, whereas 47.4% were performed as open procedures published from five surgical centers. Although the overall cases reported for laparoscopic Heller myotomy (5.2%) are low, the trend has increased since the past 10 years. Similar variation was seen in revisional cases where majority of the cases (97.7%) were completed as an open procedure, while only 2.3% of cases were laparoscopically treated.
The primary aim of this article was to study the reasons for revisional surgery in a previous Heller myotomy. Conditions that merit a revisional surgery included: incomplete myotomy, onset of reflux, esophageal carcinoma, megaesophagus or sigmoid esophagus, and the wrong diagnosis during the primary surgery (Table 3) . A lower reoperative rate of 6.19% may be encouraging, but the average age of achalasia diagnosis is around the second or third decade of life, thus stressing importance of longer follow-ups in such patients.
Incomplete myotomy or scar tissue formation at the site of original myotomy is the main reason for surgical failure. In our analysis, the most common reason for revisional surgery, in 409 patients extracted from 25 reports, was categorized as a myotomy defect. Reason for revisional surgery in 79.4% (n0325) from the above group was incomplete myotomy (92%) or scar formation (8%). Redo myotomy at the same site was performed in majority of these patients (65.2%). A fresh myotomy was performed in 34.8% of patients [12, 23, 32] . In our review new onset of reflux disorder after undergoing Heller myotomy was seen in 32% cases that required a revisional surgery. Esophageal cancer was seen in 3.04%, while megaesophagus was the reason for revisional surgery in 16.2% patients. Symptoms due to achalasia improved after successful cardiomyotomy as reported by many case series from across the globe, but the basic disease process remains unchanged in spite of such a surgical procedure. Due to this, we feel that follow-up plays a vital role in assessing long-term outcomes after Heller myotomy. In our study, 51% of case series provided follow-up information whereas 16 articles had no follow-up data. Our overall mean follow-up was 101.3 months, with a higher mean duration of follow-up (105.8 months) among open cases than among laparoscopic cases (25.7 months).
Discussion
Our systematic review of the literature for revisional surgery following Heller myotomy revealed a 6.19% rate of reoperation with a low mortality rate. A few patients underwent concomitant antireflux procedures during the primary operation. Most of the long-term follow-up has been in patients who underwent an open approach. Our study shows a higher rate (6.19%) of revisional surgeries than the previous studies. We have good follow-up data from only 51% of the patients in reviewed studies. Assuming the rate of reoperation is higher than 6.19%, it becomes clear to stress the importance of longer follow up to at least 10 or more years. Extending the duration of follow-up would document the natural history of individuals who receive Heller myotomy for achalasia. Our study showed that after 1995, 52.3% of patients had their surgeries completed laparoscopically. Only 2.3% of reoperations during this time period were done laparoscopically. As laparoscopic techniques have evolved, it is apparent that primary Heller myotomy is well suited for minimally invasive techniques due to the resolution of image, clarity of deeper tissues, and tissue handling. Usually revisional or reoperations pose more challenges to the surgeon due to fibrosis and altered tissue planes as a result of past surgery.
Incomplete myotomy was the major reason for revisional surgery. Our study showed that 79.4% of patients who underwent revisional surgery had an incomplete myotomy. This rate we assume will be reduced with the use of laparoscopes that would provide better visibility and higher tissue resolution. Esophageal cancer was seen in 3.04% which again stresses the need for having a long-term follow-up of at least 10 years after primary Heller myotomy to detect esophageal cancers at an early stage.
